Background: While acute cortisol administration has been found to impair retrieval of emotional memories in healthy subjects, the duration of this memory impairment is still unknown. Propranolol, on the other hand, may impair the reconsolidation of emotional memories during reactivation, although human studies examining such effects are scarce. The present investigation was therefore undertaken to examine the immediate and prolonged effects of a single administered dose of cortisol or propranolol on memory retrieval in a double-blind placebo controlled design. Methods: Eighty-five healthy male participants were asked to retrieve previously learned emotional and neutral information after ingestion of 35 mg cortisol, 80 mg propranolol or placebo. After a washout period of 1 week, recall was again tested. Results: Memory retrieval of neutral and emotional information was impaired by a single dose of cortisol compared to placebo. The memory impairment due to cortisol remained, even after a washout period of 1 week. No immediate or prolonged effects of propranolol on memory retrieval were found, despite significant reductions in sympathetic arousal. Conclusions: These results lend support to the hypothesis that cortisol is able to attenuate (emotional) memory recall in men over longer time spans and may therefore augment the treatment of disorders like post-traumatic stress disorder and phobias, but do not clarify the mechanism(s) through which propranolol exerts its therapeutic effects.
Introduction
Stress hormones like (nor)adrenaline (NA) and cortisol have since long been found to influence memory processes (Cahill, Prins, Weber, & McGaugh, 1994; Lupien & McEwen, 1997; Wolf, 2008) . Brain areas that are thought to mediate memory processes, like the hippocampus, the prefrontal cortex and for emotional memory, the amygdala, are highly occupied with both adrenergic and glucocorticoid receptors (de Kloet, Vreugdenhil, Oitzl, & Joels, 1998; Ramos & Arnsten, 2007) . Cortisol is released by the adrenal cortex and can cross the blood-brain barrier (BBB) while NA is released both peripherally by the adrenal medulla and within the brain as a neurotransmitter (van Stegeren et al., 2007; Wolf, 2008) . The interaction between memory processes and stress hormones has been an area of interest in the last two decades (Cahill, Gorski, & Le, 2003; de Kloet, Oitzl, & Joels, 1999; Joels, Pu, Wiegert, Oitzl, & Krugers, 2006; Lupien & Lepage, 2001; Wolf, 2008) .
It has been found that the effects of human stress hormones on memory are dependent on the memory stage that is studied (Roozendaal, 2002) . Encoding and consolidation phases of memory in humans are found to be enhanced by increased cortisol and NA levels (Andreano & Cahill, 2006; Buchanan & Lovallo, 2001; Cahill & Alkire, 2003; O'Carroll, Drysdale, Cahill, Shajahan, & Ebmeier, 1999) and impaired by beta-adrenergic blockers like propranolol that cross the BBB (Cahill et al., 1994; van Stegeren, Everaerd, Cahill, McGaugh, & Gooren, 1998) . Retrieval, on the other hand, is found to be impaired by increased cortisol levels (de Quervain, Roozendaal, Nitsch, McGaugh, & Hock, 2000; Het, Ramlow, & Wolf, 2005) . Furthermore, this impairment seems to be dependent on the activity of the adrenergic system (Kuhlmann & Wolf, 2006; Roozendaal, Hahn, Nathan, de Quervain, & McGaugh, 2004; Tollenaar, Elzinga, Spinhoven, & Everaerd, 2008a) . There are no reports of increased levels of NA leading to impairment in memory retrieval in humans (see Chamberlain, Muller, Blackwell, Robbins, & Sahakian, 2006 , for an overview of studies on NA and memory). A single human study, whereby NA levels were manipulated by blockade with propranolol (40 mg) and memory retrieval was measured, has been reported and did not find an effect on memory
